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51 Abstract

52 Energy use and carbon dioxide emissions for the Mexican iron and steel industry are analyzed from
53 1970 to 1996. To assess the trends in energy use and carbon dioxide emissions, we used a decomposition
54 analysis based on physical indicators to decompose the intra-sectoral structural changes and efficiency
55 improvements. We used a structure/efficiency analysis for international comparisons, considering industrial
56 structure and the best available technology. This study shows that steel production growth drove up primary
57 energy use by 211% between 1970 and 1996, while structural changes (production and process mix)
58 decreased primary energy use by 12% and energy efficiency changes drove down energy use by 51%. In
59 addition, carbon dioxide emissions would have increased by 9% if the primary fuel mix had remained
60 constant at 1970 levels. 2001 Published by Elsevier Science Ltd.61

62

63

64 1. Introduction

65 Energy use in the Mexican industrial sector has experienced important changes in the last two
66 decades relating to transformations of its domestic economy. In previous studies [1,2], we have
67 shown that a real change in energy intensity was the most important factor in the overall decline
68 of energy use and CO2 emissions in the Mexican industrial sector. Real changes in energy intensity
69 were explained by different factors, depending on the industrial sub-sector. In this paper, we
70 analyze the factors that influenced energy use in the Mexican iron and steel industry, the largest
71 energy consuming and energy-intensive industry in the country.
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72 In 1996, the iron and steel industry represented 3.4% of Mexican industrial value added and
73 17.5% of industrial final energy consumption [3,4]. In terms of production, this industry manufac-
74 tured 13.2 million metric tonnes (mt) of crude steel, placing it in 15th place in the overall world
75 production [5]. From 1970 to 1996, total primary energy consumption and total carbon emissions
76 of the iron and steel industry increased at an annual growth rate of 3.8%. However, the primary
77 specific energy consumption (energy/mt of crude steel) dropped by 27.0%, and CO2 emissions
78 intensity (mt C/mt of crude steel) declined by 21.9%. To understand the contributions of activity,
79 structural shifts, fuel switching and real intensity changes in energy use and CO2 emissions, we
80 utilized an energy consumption decomposition analysis approach based on an average parametric
81 Divisia (AVE-PDM) indices [6,7] and a Physical Production Index [8].
82 The analysis is carried out in stages. First, we describe the iron and steel production process.
83 Second, we present trends in activity, primary energy and carbon dioxide emissions of the Mex-
84 ican iron and steel industry. Third, we introduce the methodology used to analyze trends in energy
85 consumption and carbon dioxide emissions. Finally, we present our results, an international com-
86 parison of the Mexican iron and steel industry with five of the largest iron and steel world pro-
87 ducers and our conclusions.

88 2. Iron and steel production process

89 The first step in steel manufacturing is the reduction of iron ore to pig iron in blast furnaces
90 or direct reduced iron (DRI, also called sponge iron) in direct reduction reactors. The generation
91 of the reduction gases, mainly carbon monoxide and hydrogen, that removes the oxygen from the
92 iron ore is produced in the blast furnaces (BF) by partial combustion of the coke; while in the
93 direct reduction process natural gas is reformed to reduce the iron ore. It is important to note that
94 sponge iron has different properties than pig iron and it is used as a high quality alternative to
95 scrap in secondary steel making.
96 In primary steel making, pig iron is introduced as hot metal in open hearth furnaces (OHF) or
97 in basic oxygen furnaces (BOF) to produce crude steel. The optimum hot metal ratios for BOF
98 and OHF are from 70 to 90% and from 30 to 60%, respectively. Other inputs in this process are
99 steel scrap, limestone and oxygen [9]. The net energy consumption in the BOF is minimal because
100 the oxidation of carbon in the hot meal can take place with the energy content of the molten iron.
101 In addition, an oxygen lance is externally produced with electricity to augment combustion. On
102 the contrary, the OHF requires a large amount of energy input to melt the high share of steel
103 scrap with the hot metal, and it has a lower productivity [10].
104 In secondary steel making, DRI and scrap are added to the electric arc furnace (EAF) in differ-
105 ent amounts: 80% of sponge iron and 20% of scrap for the DRI–EAF process, or 100% of scrap
106 in the scrap–EAF process [9].
107 Once the crude steel is obtained through the primary or secondary steel making routes, the
108 next step consists of the manufacturing of semi-finished products. Historically, liquid steel was
109 cast into ingots and the ingots were subsequently reheated and rolled to produce billets and slabs.
110 Currently, the liquid steel is continuously cast into slabs and billets, saving energy and reducing
111 material losses. Then the steel products are shaped in different products by the final rolling stages.
112 Profiles, sheets and wire are produced in hot rolling mills; where the steel is first reheated and
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113 then introduced in heavy roller sections to reduce its thickness. Finally, thinner sheets are obtained
114 through pickling, cold rolling, annealing and tempering [10].

115 3. The Mexican iron and steel industry

116 3.1. Activity trends

117 From 1970 to 1996, Mexican steel production grew at an average annual rate of 4.8%. However,
118 the production growth was not constant in the overall period. From 1970 to 1980 production grew
119 at an annual rate of 6.3% due to the expansion of Mexican oil exports. Additionally, during the
120 1970s, the Mexican economy was based on policies that supported the expansion of the industry
121 through energy and transportation subsidies, financial incentives and duties protection. During
122 this time, several strategic iron and steel companies were state owned.
123 After 1981, the oil boom ceased, and a national economic recession triggered a decline in steel
124 demand until 1989. During this period, steel production increased by only 1.0% annually, steel
125 exports grew steadily and iron imports dropped abruptly. Between 1989 and 1991 all the state
126 owned companies of this industry were privatized. From 1991 to 1996, private investment in
127 expansion and modernization of iron and steel integrated plants grew, and the installed capacity
128 of the secondary steel making plants and mini mills increased. National steel production increased
129 at an annual growth rate of 10.6% in this period. Table 1 summarizes the average annual
130 growth rates.
5

6 Table 1
7 Annual growth rates for iron and steel production by process and for energy consumption by source in the Mexican
8 iron and steel industry910

23

Overall period25

36

1970–1996 1970–1980 1980–1989 1989–1991 1991–199642

55

Production57

Iron making 5.0% 8.9% 0.4% �0.7% 8.1%64

BF 3.7% 8.3% �1.3% �4.2% 7.4%71

DRI 7.2% 10.3% 3.2% 5.5% 9.5%78

Steelmaking 4.8% 6.3% 1.0% 0.7% 10.6%85

OHF �9.8%a �5.1% �5.4% �43.5% –92

BOF 12.5%b – 1.1% 2.7% 8.6%99

EAF 6.6% 6.9% 3.0% 6.1% 13.0%106
108

Energy consumption110

Total primary energy 3.8% 5.8% 3.3% �6.4% 5.2%117

Coke 2.4% 4.1% �0.1% �10.4% 9.4%124

Natural gas 4.2% 6.3% 1.3% 2.1% 6.4%131

Fuel oil 6.1% 6.3% 12.4% �3.7% �1.2%138

Electricity 5.1% 7.5% 7.3% �9.5% 2.4%145

158
a

159 The last OHF production unit closed in 1992, the average annual growth rate considers the period from 1970
160 to 1991.
161

b
162 The BOF production began in 1972, the growth rate considers from 1972 to 1996.163

1
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131 In terms of iron and steel production processes, the share of production of the different pro-
132 cesses varied between 1970 and 1996. In this period, pig iron production increased at an annual
133 growth rate of 3.7%, while DRI production increased 7.2% per year (see Table 1). Likewise, the
134 shares of the production of primary steel by the BF–OHF and BF–BOF routes and of the second-
135 ary steel by the DRI–EAF and scrap–EAF routes have also changed. In the early 1990s, steel
136 production at OHFs disappeared completely and was replaced by more efficient BF–BOF pro-
137 duction in the integrated plants. In addition, electric steel production increased due to the growth
138 of DRI production and to the expansion of the installed capacity of the scrap based EAF secondary
139 steel plants. In the manufacturing of steel semi-finished products, continuous casting quickly
140 replaced ingot casting. Currently, thinner sheets can be obtained at the hot rolling stage and its
141 production has increased while the cold rolling production has declined. Table 2 shows these
142 changes in the share of the production by process between 1970 and 1996.
143 Mexico produces large quantities of DRI due to the high cost of scrap for the steel making
144 process. In 1996, Mexico produced 11.5% of the world’ s DRI [5]. Most of the scrap consumed
145 in the Mexican iron and steel industry is imported, which increases the production costs. More-
146 over, the Mexican company Hojalata y Lamina, S.A. (HYLSA) has developed its own techno-
147 logies for DRI production: HYLI and HYLIII.1

165

166 Table 2
167 Iron and steel production by process in the Mexican iron and steel industry, 1970–1996 (share of the processes for
168 each stage in percents)169170

181

Production 1970 Production 1980 Production 1990 Production 1996186

(Mt) (Mt) (Mt) (Mt)191

202

Iron making204

BF 1.6 (70%) 3.6 (67%) 3.7 (57%) 4.2 (51%)210

DRI 0.6 (27%) 1.6 (30%) 2.5 (39%) 3.8 (46%)216

Ferroalloys 0.1 (3%) 0.2 (3%) 0.3 (4.1%) 0.2 (3%)222

Total 2.3(100%) 5.5 (100%) 6.5 (100%) 8.3 (100%)228
230

Steel making232

OHF 2.3 (59%) 1.4 (19%) 0.7 (8%) 0.0 (0%)238

BOF 0.0 (0%) 2.7 (38%) 3.5 (40%) 4.7 (36%)244

EAF 1.6 (41%) 3.1 (43%) 4.5 (52%) 8.4 (64%)250

Total 3.9(100%) 7.2 (100%) 8.7 (100%) 13.2 (100%)256
258

Casting260

Ingot 3.5 (90%) 5.1 (71%) 3.2 (36%) 2.0 (15%)266

Continuous 1.4 (10%) 2.1 (29%) 5.5 (64%) 11.2 (85%)272
274

Rolling276

Hot rolling 1.9 (72%) 3.3 (70%) 4.5 (80%) 7.2 (81%)282

Cold rolling 0.7 (28%) 1.4 (30%) 1.2 (20%) 1.6 (19%)288

1

437
1

438 HYL technologies produce DRI from iron ores using hydrogen (H2) and carbon monoxide (CO) as reducing gases, high reducing
439 temperatures and high operating pressures. HYLI refers to a fix-bed batch process, while HYLIII refers to a continuous process.

1
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148 3.2. Primary energy use and related CO2 emissions

149 The fuel mix of the Mexican iron and steel industry is closely related to activity trends. As
150 mentioned, coke and natural gas are used as fuels and as reduction agents. In small quantities,
151 natural gas and fuel oil are used to preheat and augment BOFs and EAFs. Electricity is mainly
152 used in the EAF, but also in the rolling stages and in the oxygen production for the BOF. Fuels
153 produced on-site in primary integrated steel plants, such as coke oven gas (COG) and blast furnace
154 gas (BFG), are used to generate electricity for their on-site consumption [11,12].
155 At an aggregated level, the Mexican National Balance of Energy [4] reports the final energy
156 consumption of these fuels (with the exception of the on-site produced energy) at integrated
157 primary steel plants, secondary steel plants, foundries and mini-mills. Fig. 1 shows the energy
158 consumption by fuel type from 1970 to 1996. Total primary energy consumption increased at an
159 annual growth rate of 3.8% in this period.2 Specifically fossil fuel consumption grew by 3.4%
160 annually, while electricity consumption rose by 5.1% (see Table 1).
161 Again, the trends show different growth rates: total primary energy consumption increased at
162 an annual rate of 5.8% from 1970 to 1980, (due to production expansion to satisfy domestic
163 demand), dropping to 3.3% from 1980 to 1989 (due to an economic recession which led to a
164 decline of steel demand), further dropping to �6.4% between 1989 and 1991 (during the privatiz-
165 ation of the state-owned integrated plants), and finally rising again by 5.2% per year from 1991
5
6

7
8

9 Fig. 1. Final energy consumption by fuel in the Mexican iron and steel industry, 1970–1996.

1

440
2

441 Primary energy consumption considers the electricity generation efficiency, according to data from the National Balance of
442 energy, and it is calculated as:

443 Ep,t��
k

Ek,t�
Ee,t

he,t444

445 where he is the electricity generation efficiency on year t, Ee,t is the electricity consumption on year t and Ek,t is the final energy
446 consumption of fossil fuel k.
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166 to 1996 (due to an increasing demand and a growth of exports). In particular, natural gas consump-
167 tion grew at a faster annual rate (4.2%) than coke consumption (2.4%) over the entire period.
168 This can be explained by the greater growth rate of DRI production (7.2%) compared to the pig
169 iron production rate (3.7%). Electricity consumption increased by 5.1% between 1970 and 1996,
170 tracking increases in EAF production (see Table 1).
171 Total CO2 emissions from steel making in Mexico were estimated using the IPCC methodology
172 [13]. Carbon emission factors for fossil fuels used in the iron and steel industry are: coke, 25.8
173 kg C/GJ; diesel, 20.2 kg C/GJ; kerosene, 19.6 kg C/GJ; LPG, 17.2 kg C/GJ; fuel oil, 21.1 kg
174 C/GJ and natural gas, 15.3 kg C/GJ. The electricity carbon emission factor varied over time,
175 depending on the power generation efficiency and the mix of primary energy sources.3 Between
176 1970 and 1996, the participation of fossil fuels in total power generation increased from 43.1%
177 to 70.0%, while hydroelectricity participation dropped from 56.9% to 20.7% [4]. As a result, the
178 electricity carbon emission factor rose drastically from 36.9 kg C/GJ to 51.8 kg C/GJ, despite an
179 increase of power generation energy efficiency from 22.0% in 1970 to 29.8% in 1996.
180 Total CO2 emissions from the Mexican iron and steel industry increased from 2.1 million mt
181 C (MtC) in 1970 to 5.6 MtC in 1996, at an annual rate of 3.8%. During the same period, the
182 carbon emissions intensity (CEI, CO2 emissions per tonne of steel) dropped from 0.55 to 0.43
183 mt C/tcs (21.9%).

184 4. Methodology

185 To understand the factors that influenced energy consumption and related CO2 emissions in
186 the Mexican iron and steel industry, we used a decomposition analysis methodology proposed by
187 Farla et al. [8,14]. Following the recommendation of the Handbook on international comparisons
188 of energy efficiency in the manufacturing industry [15], we used physical units for the activity
189 and energy efficiency indicators. Total energy consumption of this industry is a function of the
190 production volume (activity), the process and product mix (structure) and the energy efficiency
191 of the production process. We also used a physical production index (PPI) in order to track
192 the changes in time of the composition of the steel product mix. The PPI for each year t is
193 calculated as:

194 PPI��n

i�1

(PiSECBPi
) (1)

195

196 where Pi is the production of the steel product i and SECBP,i is a weighting factor based on the

1

447
3

448 The electricity carbon emission factor was estimated as:

449 CEFe�

�
j

CEFjEj

Net produced electricity450

451 where CEFe is the electricity carbon emission factor, CEFj is the carbon emission factor of the fuel j and Ej is the energy consumption
452 of fuel j for producing electricity.
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197 energy consumed to produce the steel product i using the existing best practice. Table 3 depicts
198 the weighting factors used in our analysis.
199 According to the international comparisons methodology [15], the SEC is influenced by the
200 process and product mix, i.e. the feedstock used in the process (iron ore and scrap for the primary
201 steel or only scrap for the secondary steel), the type of final products (slabs, sheets, bars and
202 billets), and by the energy efficiency of the manufacturing process.
203 Thus, the total energy consumption for each year, taking into account the PPI, is given by:

204 Et��P
PPI

�P

�E

PPI
(2)

205

206 where the simple summation of the different products �P is the parameter of activity; PPI/�P
207 gives the structure parameter and �E/PPI gives the energy efficiency parameter of the pro-
208 duction processes.
209 Similar to energy use, CO2 emission decomposition index, using PPI, can be expressed by:

210 CO2��P
PPI

�P

�E

PPI��
j

�CEFj

Ej

ET
�� (3)

211

212 where �P is the parameter of activity, PPI/�P is the parameter of structure, �E/PPI is the para-
213 meter of energy efficiency, CEFj is the CO2 emission factor of fuel j, and Ej/ET is the share of
214 fuel j in the total final energy consumption. We added a fuel mix parameter that considers the
215 mix of energy sources at the iron and steel industry as well as in the power sector.
216 To examine the changes, we calculated the simple average decomposition indices (AVE-PDM2)

300

301 Table 3
302 Best practice specific energy consumption for different processes in the iron and steel industry303304

313

Process Best practice SECf Best practice SECe Best practice SECp
g

318

(GJ/tcs) (GJe/tcs) (GJ/tcs)322

331

BFa 15.19 0.26 15.98336

DRIb 11.19 0.17 11.71341

BOF+castingc 0.57 0.12 0.93346

EAF+castingd 0.79 1.52 5.40351

Hot strip mille 1.82 0.37 2.94356

Cold rolling millf 1.10 0.53 2.71361

370
a

371 The SEC of the blast furnace process considers the iron ore preparation of an integrated plant of the Netherlands
372 in 1988, assuming a blast furnace feed of 50% pellets and 50% sinter [16].
373

b
374 The SEC of the direct reduction process considers pellet preparation and it is based on a HYL plant of Mexico [17].
375

c
376 The SEC of the BOF process and continuous casting is for an integrated plant of the Netherlands in 1988 [16].
377

d
378 The SEC of the EAF and continuous casting is considered for a plant in Germany [16].
379

e
380 The SEC of a hot strip mill of an integrated plant at the Netherlands in 1988 [16].
381

f
382 The SEC of a cold rolling mill at an integrated plant in the Netherlands [16].
383

g
384 Assuming an electricity generation efficiency of 33%.385

1
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217 using a rolling base year, due to the data availability and the small residual term [6]. The AVE-
218 PDM2 indices examines the historical energy consumption and CO2 emissions in a symmetrical
219 manner with respect to time [7,8].

220 �Et0,T��T�1

t�0

Et,t+1(act)��T�1

t�0

Et,t+1(str)��T�1

t�0

Et,t+1(eff)�R (4)
221

222

223 �CO2t0,T��T�1

t�0

CO2t,t+1(act)��T�1

t�0

CO2t,t+1(str)��T�1

t�0

CO2t,t+1(eff)��T�1

t�0

CO2t,t+1(fuel mix)�R (5)
224

225

226 The decomposition indices show the influences of changes in activity, in structure and in energy
227 efficiency on total energy consumption between year t0 and year T. Similarly, the indices indicate
228 the effects of fuel mix and CO2 emission factors on the total CO2 emissions. It is important to
229 note that each effect of activity, structure, energy efficiency, fuel mix and CO2 emission factor
230 assumes that the other variables remain constant, while the analyzed variable changes over time.
231 Results are given in energy units.
232 Additionally, we used a structure/efficiency analysis to compare the SEC over time and between
233 countries and to estimate the technical energy efficiency potential. The international comparisons
234 methodology [15] recommends illustrating the SEC as a function of the changes in product mix
235 (structure), and the energy efficiency as a function of the structure/efficiency trends [15]. Due to
236 the high share of DRI input in EAF steelmaking at the Mexican iron and steel production, we
237 considered the share of scrap input in the iron and steel making as the most representative struc-
238 tural factor [18].

239 5. Results of decomposition analysis

240 5.1. Energy use and SEC changes

241 According to the decomposition analysis, the substantial growth in steel production (activity)
242 was the main factor that drove the huge increase in energy consumption. This activity effect
243 would have increased the primary energy consumption to 256.3 PJ (211% more than the actual
244 increase) if structure and energy efficiency had remained constant at 1970 levels. However, if
245 production output and energy efficiency had remained constant, the changes in process and product
246 mix (structure) would have decreased energy use by 15 PJ (12% less than actual). Likewise, the
247 changes in energy efficiency would have lowered energy use by 61.6 PJ (51% less than actual)
248 if the production volume and the structure had remained constant. Table 4 presents these changes
249 that influenced the primary energy consumption between 1970 and 1996.
250 It is clear that the contribution of changes in energy efficiency and structure to total primary
251 energy use was minimized by the substantial increase of the production output. In order to assess
252 the relative importance of the structural and efficiency effects on the primary SEC changes, we

1
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388 Table 4
389 Changes in iron and steel industry primary energy consumption (1970–1996)390391

396

Effect Changes399

(PJ)401

406

Actual primary energy 179.7409

Production volume (activity) 256.3412

Production and process mix (structure) �15.0415

Energy efficiency �61.6418

253 analyzed them utilizing the same methodology as described in Section 4, but taking out the activity
254 effect. Results are presented in Table 5. If energy efficiency had remained constant at 1970 levels,
255 the SEC would have decreased by only �0.3 GJ/tcs. However, if structural changes had remained
256 constant, energy efficiency would have decreased by 8.1 GJ/tcs.
257 These results show that the main factor that drove down the SEC was energy efficiency. The
258 reasons for this decline are mainly the closing of OHF capacity by 1992, the increased use of
259 the continuous casting (9.8% in 1970 to 85.0% in 1996) and the increased utilization of COG
260 and BFG for electricity cogeneration in the integrated plants. In addition, DRI in Mexico is manu-
261 factured with the HYL technology which has implemented new developments, i.e. a continuous
262 process HYLIII instead of the batch process HYLI and a pneumatic system that transports the
263 hot DRI directly to the EAF using DRI reactor exhaust reducing gases and eliminating the cooling
264 and reheating stages [19,20]. In terms of structural changes, they are mainly due to the reduced
265 cold rolled steel production and to the increase of thin and ultra-thin hot rolled sheets.
266 Similar results were obtained using a structure/efficiency analysis, Fig. 2 shows the trends of
267 actual primary SEC and an aggregate ‘best practice’ SEC versus the structural factor (share of
268 scrap input) of the Mexican iron and steel industry for the 1985–1996 period.
269 The reasons for the increase in the SEC between 1987 and 1990 are uncertain, but probably
270 this increase was due to a decline of the scrap input from 29.5% in 1987 to 27.8% in 1990 [18]
271 which possibly led to an increase in the requirement of pig iron and DRI. It is important to remark
272 that the state owned integrated iron and steel plants were privatized during this period. The decline
273 of the SEC between 1990 and 1996 was due to the modernization and expansion of the DRI
274 plants and EAF minimills installed capacity [21–24], to the closing of OHF steel making and to
275 the growth of scrap input at the steel making.
276 Comparing the actual SEC and the best practice SEC, we estimated the energy efficiency techni-

424

425 Table 5
426 Changes in iron and steel industry primary specific energy consumption (1970–1996), without production volume427428

433

Effect Changes436

(GJ/tcs)438

443

Actual primary specific energy consumption �8.4446

Production and process mix (structure) �0.3449

Energy efficiency �8.1452

1
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12

13
14

15 Fig. 2. Specific energy consumption in the Mexican iron and steel industry, 1985–1996. (Best practice SEC was
16 calculated as:

17 SECbp�
�PiSECbpi

PT

18 �
Ppig ironSECbp pig iron+PDRISECbp DRI+(POHF+PBOF)SECbp BOF+PEAFSECbp EAF+(PHR+PCR)SECbp HR+PCRSECbp CR

PT19

20 where Pi is the output volume of the steel product i, PT is the total steel production and SECbp i is the best practice
21 SEC for each steel product i (see Table 1).)

277 cal potential of the Mexican iron and steel industry. For 1996, this technical potential was 34%
278 ±4%. In this case, uncertainties may be introduced due to the scrap input in the BOF and EAF.
279 The heat balance in the BOF is affected by the use of scrap, while increased use of DRI (to
280 replace scrap) raises electricity use in the EAF [25]. In earlier analyses a share of 10% scrap in
281 BOF steelmaking has been used based on experiences in Europe [14]. However, this may not be
282 the case for BOF-plants in Mexico.
283 Because we lack information on scrap inputs in the BOF in Mexican steel plants, we assumed
284 the same BOF scrap input for our analysis. We have also not corrected the best-practice value
285 for the electricity consumption of the EAF. The latter may lead to overestimating the potential
286 for energy efficiency improvement, while the former may lead to underestimating the potential.

287 5.2. CO2 emissions and CEI changes

288 CO2 emissions are determined not only by activity, structural and energy efficiency changes,
289 but also by the final fuel mix in the iron and steel industry and in the power generation. As

1
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459 Table 6
460 Changes in iron and steel industry carbon dioxide emissions (1970–1996)461462

467

Effect Changes470

(Mt C)472

477

Actual carbon dioxide emissions 3.5480

Production volume (activity) 4.8483

Production and process mix (structure) �0.2486

Energy efficiency �1.3489

Fuel mix and fossil fuel carbon emission factor 0.2492

290 mentioned above, from 1970 to 1996 the mix in energy sources used by the Mexican iron and
291 steel industry had changed. The use of lower carbon fuels like natural gas increased due to growth
292 DRI production. Whereas, electricity consumption rose considerably due to the increase in
293 EAF production.
294 As mentioned in Section 3, the CO2 emission factor for electricity also increased during this
295 period due to an expansion of fuel oil and natural gas power plants substituting hydroelectricity.
296 Total CO2 emissions have grown similarly to primary energy consumption due to the increase
297 in steel production. But in this case, changes in fuel mix also contributed to the increased carbon
298 emissions. If production, energy efficiency and process and product mix had remained constant,
299 the CO2 emissions would have increased by 0.2 MtC (9% of actual emission growth). The effect
300 of this change is presented in Table 6.
301 To assess the relative importance of the efficiency, structural shift, and fuel mix effects, we
302 also analyzed changes in CEI removing the activity effect. Table 7 shows that just as the decrease
303 of the SEC, the technological changes which improved the energy efficiency of this industry were
304 the main factors contributing to the decline of the CEI.

305 6. International comparisons of the Mexican iron and steel industry energy use

306 We compared the Mexican iron and steel industry energy use with five of the largest world
307 steel producers: Japan (13.2%), United States (12.7%), Germany, F.R. (5.3%), Brazil (3.4%) and
308 France (2.4%); using production, energy use and production mix data from INEDIS (International

498

499 Table 7
500 Changes in iron and steel industry physical intensity of carbon emissions (1970–1996), without production volume501502

507

Effect Changes510

(kg C/tcs)512

517

Actual physical intensity of carbon emissions 119.3520

Production and process mix (structure) 23.0523

Energy efficiency �185.3526

Fuel mix and fossil fuel carbon emission factor 42.9529
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309 Network on Energy Demand analysis in the Industrial Sector) [26]. As pointed out in Section 4,
310 we used a structure/efficiency analysis according to the international comparison methodology
311 [15,16] to compare the energy efficiency of the iron and steel industries in these countries, taking
312 into account the composition of product mix for each country. We estimated the ‘best practice’
313 primary SEC using the weighing factors defined in Table 3 and considering the process and
314 product mix for each country. Fig. 3 illustrates the actual SEC and the ‘best practice’ SEC versus
315 the share of scrap input in the steel making for the Mexican iron and steel industry in 1990 and
316 in 1996, and for the five selected countries in 1990.
317 As shown in Fig. 3, iron and steel production was less energy intensive in Germany and Japan
318 than in Brazil, Mexico and the United States. The low SEC of Germany is due to energy efficiency
319 measures like recovery of BOF gases, increased use of pellets as blast furnace feed and an increase
320 of on-site electricity production using recovered BFG [16].
321 On the other hand, in the US this industry had a high primary SEC, despite its relatively high
322 scrap input. It would be expected that a higher share of scrap in its EAF plants would contribute
323 to a low primary SEC due decreased energy use for iron production. However, the US iron and
324 steel industry has a high SEC in different stages of its production processes (blast furnace, BOF,
325 reheating furnaces and hot mill) for a variety of reasons [27].
326 As mentioned, the most distinguishing characteristic of the Mexican iron and steel industry is
327 its high share of DRI production, which is used in EAFs to replace scrap. From 1990 to 1996,
328 the differences between the ‘best practice’ SEC and the actual SEC decreased from 13.9 GJ/tcs
329 to 7.6 GJ/tcs; i.e. the energy efficiency technical potential declined from 47% to 34%. Changes
330 in structure and energy efficiency have led to a more efficient use of energy and materials. How-
331 ever, there is still a technical potential for reducing the SEC by 34 ± 4%. In this calculation, as
332 was pointed out in Section 4, the potential for energy efficiency improvement is calculated based

23
24

25
26

27 Fig. 3. International comparison of the iron and steel industry 1990 (and 1996 for Mexico).
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333 on a break down of the main processes, so it recognizes the relatively high production level of
334 DRI in Mexico, compared to other countries.

335 7. Conclusions

336 From 1970 to 1996, Mexican iron and steel production increased at an annual growth rate of
337 4.8%, leading to a 3.8% increase in primary energy consumption and related CO2 emissions.
338 In the same period, the specific energy consumption dropped 8.4 GJ/tcs (27%) due to structural
339 changes and energy efficiency improvements. Specifically, the technological changes that
340 improved energy efficiency were: the complete substitution of OHF by BOF, a large increase of
341 the share of continuous casting, the implementation of new technologies for DRI production and
342 an increase use of coke oven and blast furnace gases for on-site electricity generation.
343 The structural changes that influenced the declining SEC were the increase of scrap input in
344 the steel making process, and a growth of the share of hot rolled products, mainly ultra thin slabs,
345 that were previously manufactured at the cold rolling stage mills.
346 The CEI decreased 0.12 tC/tcs (22%) in the period, as a result of energy efficiency improve-
347 ments, and substitution of coke by natural gas (due to an increase of DRI production). However,
348 the increasing electricity consumption, along with its increasing CO2 emission factor in the steel
349 production offset part of the efficiency gains.
350 During this period, the composition of both product mix and processes changed. In the last
351 decade, the share of electric arc furnaces has grown at integrated plants as well as at mini mills.
352 However, the main input for EAF steel making is DRI rather than scrap due to its high cost.
353 Despite the decline of SEC and CEI, the Mexican iron and steel industry still has a large
354 reduction technical potential (34±4% in 1996) in comparison to other countries. This reduction
355 can be achieved through the implementation of energy efficiency measures.
356 An analysis of the US steel industry identified a number of cost-effective measures at US 1994
357 prices [27]. We believe that these measures can be applicable to Mexico as well. For the overall
358 production process, it is recommended to install process control and automation for a better
359 measurement and management, to improve preventive maintenance and to implement variable
360 speed drives for fans and pumps [27]. For particular stages, it is recommended to recover BFG
361 for cogeneration at the pig iron production; to recover the sensible heat from BOF gas at the
362 primary steel production; scrap preheating, foamy slag practice and oxy-fuel burners for reducing
363 heat losses and for improving heat transference at the EAFs [27]. There are also technological
364 developments for HYL DR reactors that can be implemented in a wide number of existing plants,
365 such as a self reforming scheme, a HYLTEMP system for the pneumatic conveying of hot DRI
366 to the EAF [21]. However, in the future it will be necessary to analyze the cost-effectiveness of
367 these measures and of new technologies at Mexican energy prices.
368 It is also important to design new plants with the most energy-efficient technologies and the
369 best practices for energy conservation. In order to reduce the SEC, a good option for the Mexican
370 iron and steel industry would be to increase the share of scrap input at the electric arc furnaces.
371 However, a rapid increase in scrap consumption is not expected because the domestic scrap market
372 has not emerged yet and most of the scrap is imported and costly, which increases the production
373 costs. Governmental efforts in the areas of collection and transportation incentives can be valuable
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374 to promote the recycling of steel scrap already used by domestic consumers. It will also help to
375 reduce energy use and GHG emissions at the iron and steel production and to decrease solid
376 wastes from the steel cycle.
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388 [3] Sistemas de Cuentas Nacionales de México, Cuenta de Bienes y Servicios, 19988–1995, vol. 2. Mexico: Instituto
389 Nacional de Estadı́stica, Geografı́a e Informática (INEGI), 1996.
390 [4] Balance Nacional de Energı́a 1996. Mexico: Secretaria de Energı́a, 1997.
391 [5] International Iron and steel Institute (IISI). Largest steel producing countries 1992 to 1998. International Iron and
392 Steel Institute web site: http://www.worldsteel.org/trendsFindicators/countriesF98.html, March, 2000.
393 [6] Ang BW. Decomposition methodology in industrial energy demand analysis. Energy 1995;20(11):1081–95.
394 [7] Ang BW, Lee SY. Decomposition of industrial energy consumption: some methodological and application issues.
395 Energy Econ 1994;16(2):83–92.
396 [8] Farla J, Blok K, Schipper LJ. Energy efficiency developments in the pulp and paper industry—a cross-country
397 comparison using physical production data. Energy Policy 1997;25:746.
398 [9] Meunier MY, Bruyn O. Energy efficiency in the steel industry with emphasis on developing countries. World
399 Bank Technical Paper number 22, Washington, DC, 1984.
400 [10] International Iron and Steel Institute (IISI), United Nations Environment Programme (UNEP). Steel Industry and
401 the Environment, Technical and Management Issues, Technical Report no. 38, Belgium, 1997.
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